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a change in peak torque of 23.7 Nm (24% improvement, CI: 17.0-30.3,
p<0.0001), and a signiﬁcant improvement (10% -15%) for all the single leg
hop tests (p<0.001), except for the timed hop test (3%). Tegner activity
scale increased signiﬁcantly form a median of 2.5 (0-6) to 3 (0-7) (p=0.01).
After the active rehabilitation program 64% of the patients did not want
to undergo cartilage repair surgery and postponed surgery. Thirty-six
percent went through cartilage repair surgery. Seventy-nine percent of the
patients responded electronically to the compliance questionnaire through
emails (Questback), and they attended the active rehabilitation program on
average twice a week during the 12 week program (1 to 5 visits per week).
Conclusions: The three months active rehabilitation program signiﬁcantly
improved knee function, muscle strength, lower extremity performance,
and activity level to such a degree that 64% postponed surgery, in short
term, but longer follow-up are needed. Not all patients responded to
the active rehabilitation program, some patients still had signiﬁcant knee
impairments and disabilities. A preoperative active rehabilitation program
to optimize knee function should be encouraged to examine responders
and non-responders to exercise therapy prior to cartilage repair surgery.
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SUBCHONDRAL BONE TRABECULAR INTEGRITY PREDICTS AND CHANGES
CONCURRENTLYWITH OSTEOARTHRITIS PROGRESSION
K. Virginia1, S. Feng1, S. Wang1, S. White1, M. Ainslie1, M.-P. Hellio Le
Graverand-Gastineau2, A. Brett3, C. Charles1
1Duke Univ., Durham, NC; 2Pﬁzer Global Res. and Dev., Groton, CT; 3Optasia
Med., Inc., Manchester, United Kingdom
Purpose: To validate the prediction of OA progression over 1-2 years
from a baseline x-ray using subchondral bone trabecular integrity (BTI) as
determined by fractal signature analysis, and evaluate whether BTI changes
concurrently with OA progression.
Methods: Patients: Longitudinal (baseline, 12 and 24 months) digital knee
x-rays were available from a natural history study for 60 female subjects
with knee OA (Kellgren Lawrence grades 2 to 3 OA of signal knee) and
67 gender- and age-matched (to within 5 years) individuals representing
a reference group (Kellgren Lawrence grade 0 knees bilaterally). The mean
(SD) of age was 58±8.5 years for OA participants and 55±9.0 years for
non-knee OA participants. Fixed ﬂexion x-rays were performed on both
knees.
Biomarkers: Medial minimum joint space width (mJSW), medial com-
partment inter-bone joint space area (JSA) and fractal signatures were
acquired using the KneeAnalyzer application developed by Optasia Medical
(Manchester, UK). KneeAnalyzer utilizes computer-aided detection based
on statistical contour modeling to provide highly reproducible quantitative
measurements. OA progression was deﬁned as the 12- and 24-month
change in mJSW and JSA from radiographs.
Statistical Analysis: BTI of the subchondral region of the medial tibial
plateau was determined by modeling the overall shape of the fractal sig-
nature (fractal dimension at multiple scales). Correlations between fractal
dimension and radius were summarized using the linear and quadratic
terms from a second order multiple regression model with a non-centered
polynomial.
Results: Baseline BTI of the medial tibial plateau predicted OA progression
over 24 months based on change in medial knee JSA (p=0.006), change in
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medial mJSW (p=0.029). Baseline BTI was also predictive of OA progression
over 12 months based on change in medial JSA (p=0.007). In the reference
group, there was no signiﬁcant change in either outcome variable and no
association with bone trabecular integrity.
Receiver Operating Characteristic curves demonstrated 75% predictive ca-
pability of BTI to predict 30% change in joint space area over 24 months. In
cross sectional analyses, change in BTI correlated with concurrent change
in both measures of OA progression and was signiﬁcant for change in
medial JSA.
Conclusions: We validated bone trabecular integrity as a prognostic marker
of knee OA based on radiographic determined progression and identiﬁed a
new radiographic outcome, joint space area, which may be promising as
an outcome measure for OA clinical trials. In addition, change in medial
subchondral BTI (in the vertical dimension) was correlated with concurrent
OA progression based on medial compartment change in JSA over two
years; as well as change in medial JSN over 12 months. There was no
evidence for association of OA progression and concurrent change in BTI in
the horizontal dimension.
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VITAMIN K DEFICIENCY IS ASSOCIATEDWITH INCIDENT KNEE
OSTEARTHRITIS AND CARTILAGE LESIONS ONMRI: THE MOST STUDY
D. Misra1, S.L. Booth2, D.T. Felson1, M.C. Nevitt3 , C.E. Lewis4, J. Torner5,
T. Neogi1
1BUSM, Boston, MA; 2HNRCA at Tufts Univ., Boston, MA; 3UCSF, San Francisco,
CA; 4UAB, Birmingham, AL; 5Univ. of Iowa, Iowa City, IA
Purpose: Vitamin K-dependent proteins in bone and cartilage are important
regulators of mineralization. Inadequate vitamin K can lead to diminished
functioning of these proteins, resulting in abnormalities that parallel pro-
cesses seen in osteoarthritis (OA), such as chondrocyte abnormalities,
cartilage calciﬁcation, and abnormal endochondral ossiﬁcation. Because
low vitamin K intake is not uncommon among older adults, vitamin K
deﬁciency could contribute to OA-related changes. We have previously
demonstrated a cross-sectional association between low vitamin K and
radiographic hand OA. In the current study, we examined the association of
vitamin K deﬁciency with incident radiographic knee OA and with incident
cartilage and osteophyte abnormalities on MRI.
Methods: The Multicenter Osteoarthritis (MOST) Study is a longitudinal
observational study of individuals with or at high risk for knee OA. A
subsample of the cohort had baseline vitamin K (plasma phylloquinone)
concentrations measured. These participants also had baseline and
follow-up knee x-rays and MRIs (1.0 T; axial and sagittal proton density
fat suppressed and coronal STIR sequences). Vitamin K status was deﬁned
as deﬁcient if <0.5nM. Among knees without OA at baseline, incident
radiographic OA was deﬁned as knees that developed KL grade ≥2 at 30
months. Cartilage morphology was scored on MRIs using modiﬁed WORMS
(0-4) in 14 subregions of the knee (tibiofemoral and patellofemoral joint).
Osteophytes were also scored in these subregions using WORMS (0-7).
Incident cartilage lesions and incident osteophytes were deﬁned as any
cartilage morphology score ≥1 and osteophyte score ≥2 at 30 months,
respectively, among knees without any cartilage lesions or osteophytes
at baseline, respectively. We examined the relation of vitamin K status
(deﬁcient vs not deﬁcient) with incident ROA, incident cartilage lesions and
Oral Abstract Presentations / Osteoarthritis and Cartilage 18, Supplement 2 (2010) S9–S44 S29
incident osteophytes at 30 months, respectively, using Poisson regression
with GEE in knee-based analyses. We performed additional analyses on a
subregion-basis. Given the systemic effects of vitamin K, we also performed
person-based analyses examining the relation of vitamin K deﬁciency with
risk for having incident OA in 1 or 2 knees. All analyses were adjusted for
age, sex, BMI, BMD and 25(OH)-vitamin D.
Results: Among 1180 participants (62% women, mean age 62±7.9 years,
mean BMI 30.1±5.1 kg/m2, median vitamin K 1.2 nM), 21% developed inci-
dent knee OA over 30 month follow-up and 9.2% were vitamin K deﬁcient
at baseline. In the knee-based analyses, compared with those who were not
vitamin K deﬁcient, those who were deﬁcient had 1.43 times higher risk of
incident radiographic OA (95% CI 0.98-2.09), and 2.82 times higher risk of
incident cartilage abnormality (95% CI 1.26-6.30). Vitamin K deﬁciency was
not statistically signiﬁcantly associated with incident osteophytes in the
knee-based analyses (RR 1.77, 95% CI 0.41-7.55), although this sample was
small as most knees had some osteophytes at baseline and were therefore
excluded. The risk of incident osteophytes on a subregion basis was similar
to the knee-based analyses (RR 1.61, 95% CI 0.71-3.66). In the person-based
analyses, those who were vitamin K deﬁcient were more likely to develop
incident OA in 2 knees versus 0 knees (RR 2.07, 95% CI 1.28-3.36), 2 knees
versus 1 knee (RR 2.76, 95% CI 0.99-7.69) and 1 knee versus 0 knees (RR
1.23, 95% CI 1.01-1.50).
Conclusions: In this ﬁrst longitudinal study of vitamin K in OA, we found
that vitamin K deﬁciency was associated with an increased risk of incident
knee OA, extending prior cross-sectional ﬁndings, as well as with incident
cartilage abnormalities. We could not detect an association with incident
osteophytes but most knees had osteophytes at baseline, limiting sample
size for this analysis. Further study of vitamin K is warranted given its
potential to be a simple and effective preventive agent.
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USING OAI CLINICAL DATA TO STUDY THE PROGNOSTIC ROLE OF MENTAL
HEALTH
D.L. Riddle1 , X. Kong2, G. Fitzgerald3
1Virginia Commonwealth Univ., Richmond, VA; 2Johns Hopkins Univ.,
Baltimore, MD; 3Univ. of Pittsburgh, Pittsburgh, PA
Purpose: The Osteoarthritis Initiative provides an excellent source of public
use data for the study of prognostic factors that may inﬂuence pain and
functional status of patients with knee osteoarthritis. An extensive litera-
ture has examined various prognostic factors but little research has been
done to determine if mental health constructs impact future knee pain
or function. The goals of this study were to determine whether baseline
depression (measured with the CESD), knee related conﬁdence (measured
on a Likert scale) and general psychological distress (measured with the
SF-12) inﬂuenced the change in pain and functional status outcomes during
two years of follow up.
Methods: To deﬁne the sampling frame we included only persons who
reported baseline pain of 1 or greater on a 0 to 10 scale in at least one knee
and had no knee or hip surgery during the two-year follow-up (n=3407).
The four outcome variables of interest included performance-based mea-
sures of repeated chair standing and the 20 meter walk test, and self report
measures of pain and disability (WOMAC) where the worst score of the
two knees was used as a person-level measurement. Linear mixed effects
models were used to assess the association of each mental health variable
with the change of each outcome measure over time. Examination of the
descriptive data for the entire sample indicated that little change occurred
in the outcome measures. As importantly, change was highly dependent on
baseline outcome score. For example, persons scoring in the lowest quartile
(least pain) on WOMAC Pain at baseline increased their mean score by
0.2 WOMAC points at 1 year while persons in the highest quartile (worst
pain) had reductions in their mean 1 year scores of 6.6 WOMAC points.
Because change was highly dependent on baseline outcome, we adjusted
for the baseline score for all analyses. All variables prognostic of pain
or function identiﬁed in previously published large sample cohort studies
were considered, and covariates signiﬁcantly associated with the change
in outcome at signiﬁcance level 0.10 were included in the multivariate
analyses to determine the independent role of each of the mental health
variables on outcome.
Results: Depression was signiﬁcantly predictive of the change in WOMAC
Pain and Disability outcomes, 20 meter walk time and repeated chair stand
time. However, given the very small changes overall in the outcomes,
the magnitude of change predicted for each year was very small. For
example, for WOMAC pain, each point increase in depression at baseline
resulted in a 0.02 point increase in WOMAC Pain scores each year. This
ﬁnding was highly signiﬁcant (p=.0008) and very robust (Estimate = 0.02,
Standard error = 0.006). Knee conﬁdence was not predictive of change for
any outcome. General psychological distress as measured with the SF-12
Mental Health score was predictive of change in 20 meter walk times and
WOMAC Pain.
Conclusions: The most consistent psychological predictor of the change in
WOMAC and performance outcomes during the two-year follow up was
depression. Although depression in particular appears to be a statistically
robust predictor of outcome, given that change is very small and highly
dependent on baseline status, our results indicate that a considerable
degree of depression would be required to have a meaningful effect on
future function.
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URINARYMARKERS, ALPHA CTX AND CTXII, ARE INDICATIVE OF OA
SEVERITY AND BONE TURNOVER
J.L. Huebner1, A.C. Bay Jensen2, D.J. Leeming2, R.E. Coleman1,
G. McDaniel1, M.A. Karsdal2, V.B. Kraus1
1Duke Univeristy Med. Ctr., Durham, NC; 2Nordic BioSci. Diagnostics, Herlev,
Denmark
Purpose: Biological markers have the potential to aid in the identiﬁcation
of people in the earliest stage of osteoarthritis (OA), prior to any evidence
of radiographic disease, when interventions would be most eﬃcacious.
We have recently shown that bone scintigraphy is a sensitive indicator
of symptomatic knee OA and may be a useful marker of early OA events
related to bone turnover. Urinary ALPHA CTX, a marker speciﬁc for local-
ized high bone turnover, reﬂecting bone resorption of newly formed type
I collagen by osteoclasts, has shown a strong correlation to the number
of bone metastases determined by scintigraphy in patients with breast
and prostate cancers. A similar pattern of local high bone turnover has
been observed by scintigraphy in patients with OA, thus ALPHA CTX was
investigated as a potential OA marker. Urinary CTXII, a well studied marker
which detects the C-telopeptide of type II collagen, has previously been
shown to be associated with radiographic disease and OA progression. We
hypothesize that urinary biomarkers related to degradation of types I and
II collagen, ALPHA CTX and CTXII, may be indicative of OA severity and
correlate to amount of high bone turnover determined by bone scan.
Methods: A total of 159 participants (118 women, 41 men) were included
who met ACR criteria for symptomatic OA and had the presence of Kellgren
Lawrence grade 1-4 radiographic OA in at least one knee. In addition to
KL grade, which represents global OA severity, compartmental OA severity,
based on scoring of osteophytes and joint space narrowing (range of 0-3 for
each feature), was determined using the standardized OARSI radiographic
atlas. Late phase bone scan images, indicative of bone turnover, were
obtained 2 hours after administration of 99mTc-MDP. Four views of each
knee (anterior, posterior, medial, and lateral) were obtained to precisely
localize intensity and site of uptake. Bone scan images were scored semi-
quantitatively by two readers at 16 joint sites, each of which was scored on
a scale of 0-3, where 0=normal, 1=mild, 2=moderate, and 3=intense. Urine
samples were obtained and stored at -80C until analysis. Concentrations
of urinary markers, ALPHA CTX and CTXII (Nordic Biosciences) were deter-
mined by ELISA and normalized to creatinine concentration. All data were
transformed logarithmically to obtain normality. All aspects of this study
were approved by the Institutional Review Board.
Results: Urinary ALPHA CTX did not correlate with severity of knee OA
based on the static radiographic features (OST and JSN) but did correlate
with the dynamic measure of bone turnover based on intensity of bone
scintigraphic uptake in the medial knee compartment. Concentrations of
urinary CTXII were strongly correlated with knee OA severity based on
osteophyte (medial > lateral OST, Table 1), but not degree of joint space
narrowing. Urinary CTXII also correlated with the dynamic measure of bone
turnover showing a correlation with intensity of bone scintigraphic uptake
in the knee (medial > lateral compartment but not the patellofemoral
compartment, Table 2).
Discussion: Urinary ALPHA CTX and CTXII are sensitive markers capable of
reﬂecting accelerated bone turnover in patients with knee OA. Both mark-
ers correlated with active bone turnover in the knee. In addition, uCTXII
correlated with radiographic OST scores. It has been suggested that the
main source of uCTXII is remodeling of type II collagen of mineralized tissue
including osteophytes and the mineralized interface between cartilage and
